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TITLE:  OPTICAL  METHODS  OF  MEASURING  THE  ROUGHNESS  OF  THE 

SURFACES  OF  HIGH  PRECISION  STEEL  BALLS 
Yan  Shen,  Zhang,  E. 

SUMMARY  This  article  introduces  a  type  of  lens  reflection 
section  which  makes  use  of  laser  light  in  connection  with  rough 
surface  scattering  to  carry  out  methods  for  measuring  the  degree  of 
roughness  of  high  precision  ball  surfaces.  The  principles  in  this 
type  of  method  are  reliable.  The  design  of  the  instruments  is  simple. 
Production  costs  are  low.  The  environmental  requirements  are  not 
high.  Al-'n g  with  this,  it  is  possible,  on  the  presuposition 
that  light  path  adjustments  are  not  carried  out,  to  carry  out 
measurements  on  steel  balls  with  different  radii.  It  is  suitable  for 
checks  at  the  production  site. 


I.  A  General  Description  of  the  Method 


On  the  basis  of  the  theory  of  light  scatter ing^ 1 ^ 
beam  unit  strength  straight  laser  beam  is  fired  into  a  rough  surface, 
the  scattered  light  scatters  into  space  toward  various  individual 
directions  (Fig.l).  If  changes  in  the  height  of  the  surface 
correspond  to  a  Gauss  distribution,  and,  moreover,  the  autocorrelation 
function  of  the  surfaces  are  unitary  Gaussian  functions,  for  this  type 
of  one-dimensional  random  or  stochastic  surface,  the  light  scattering 
distribution  is: 
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In  this,  T  is  the  surface  coherent  length.  L  is  the  area  or  length  of 
the  surface  being  measured. 

V,=  ^  -(sin#,  -  sin#,),  V ,  =  (cos®,  +■  eos#,)» 

F  =  £l  +  cos(#,  +  #,)]/ cosWjCcos#,  4-  cos#,) 
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When  considering  high  precision  surfaces  (weakly  scattering 
surfaces),  formula  (1)  can  be  simplified  to  be: 


(2) 


When  speaking  in  terms  of  the  direction  of  lens  or  mirror 
reflection, 


9,  =  9lt  V.  =  Q,l\  = 


4* 


—y-coi9lt  F  —  1,  T/L  i. 


Besides  this,  T/L  is  much,  much  smaller  than  1.  In  this  w*/,  it  is 
possible  to  obtain  lens  or  mirror  reflection  Illumination: 


(3) 


Deriving  from  equation  (3),  the  strength  of  the  incoming  light  is 
assumed  to  be  a  unit  strength.  If  the  strength  of  the  incoming  light 

is  I  ,  in  situations  that  do  not  consider  absorption, 

o 

I,*=I,exp  [“  (~J~  cos0i  )  ^ 


For  other  scatterings  of  a  flood  of  light: 
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It  is  possible  to  make  use  of  the  ratio  ,  P,  between  the  lens  or 
mirror  reflected  illumination  !,  and  the  scattered 

illumination  under  a  flood  of  light  in  order  to  precisely 

measure  the  degree  of  roughness  of  a  surface: 


(6) 


This  type  cf  method  is  relatively  easy  to  effect  when  one  is 
concerned  with  measuring  the  degree  of  roughness  of  flat  surfaces. 

If,  in  front  of  the  receiving  instrument,  one  adds  a  set  of 
transformation  lenses,  the  center  strength  of  the  spectrum  surface  is, 
then,  The  peripheral  strength  distribution  is  then  the 

scattering  strength  value  ( 1 4  for  different  scattering  angles. 
However,  speaking  in  terms  of  ball  or  spherical  surfaces,  and,  in 
particular,  this  means  measuring  the  degree  of  roughness  of  ball  or 
spherical  surfaces  which  have  small  radii  of  curvature,  one  then  faces 
a  relatively  difficult  situation.  If  one  is  using  a  general  parallel 
light  input  radiation,  spherical  surfaces  that  have  different  radii  of 
curvature  have  different  scattering  distributions.  From  Fig. 2  it  is 
possible  to  see  the  situation  concerning  lens  or  mirror  reflected 
light  distributions  when  a  beam  of  parallel  light  is  radiated  into  two 
spherical  surfaces  that  have  different  radii  of  curvature.  Due  to 
the  limitations  of  optical  systems  and  receiving  instrument  apertures; 
requirement  for  a  complete  receiving  surface  light  scattering 
distribution  is  a  difficult  one.  It  requires  special  photoelectric 
instruments  and  optical  systems.  However,  it  only  requires  an 
appropriate  selection  of  light  path  and  the  carrying  out  of  complete 
measurements  of  /.  is  possible.  We  designed  an  experimental 

apparatus  and  carried  out  measurements  of  f$t  As  a  result 

of  this,  we  obtained  information  on  the  degree  of  roughness  of 
surfaces . 
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(1)  Sphere  Being  Illuminated  (unclear)  (2)  Operations  Platform  (3) 
Signal  Processing  (4)  Laser  (5)  Display 


Fig  .  4 

As  can  be  seen  from  Fig.  3,  after  the  oollimnation  and  beam 

spreading  of  the  beam  radii  of  lasers  and  ,  and,  after  a 

portion  of  the  light  r<jdii.  goes  through  the  semi-transmittig , 

semi-ref lecting  plate  BS ,  it  again  goes  through  and  forms  beams 

that  are  collected  into  a  gathered  light  beam.  The  forward  or 

anterior  focus  point  and  the  center  of  the  sphere  being  measured  are 

coincident.  in  this  way,  as  is  shown  in  Fig. 4,  the  light  rays  which 

are  radiated  onto  the  surface  of  the  sphere  are  all  perpendicular  to 

the  surface  of  the  sphere.  The  light  rays  reflected  by  lens  or 

mirrors  retrace  their  original  routes.  After  going  through  L^,  they 

are,  again,  reflected  through  BS  and  will  be  gathered  at  the  posterior 

focus  of  L  2’  At  the  center  point  of  the  posterior  focus  surface  of 

L 2>  there  is  positioned  a  small  aperture  light  stop  S.  Going 

through  a  device  for  detection  and  measurement,  detector  D/  ;  it  is 

thpn  possible  to  measure  I,  .  .  .  After  going  through 

*  (unclear) 

col limation ,  a  different  portion  of  the  light,  following  its 
reflection  by  BS ,  is  directly  received  by  detector  D2»  One  obtains 
1 2=  •  Going  through  experimentation  to  precisely  specify 

appropriate  a  values,  it  is  then  possible  to  obtain  f,  =  /,/a. 

If  one  make  Q  equal  to  the  ratio  between  the  strength  of  lens  or 
mirror  reflected  light  and  the  strength  of  light  radiated  in,  and 
Q  —  I./I'i  and,  also,  because  the  perpendicular  incoming 

radiation  $,  =  0*  from  equation  (1) 

(1)  Q—lJIt  =» 

expi  ~ 


Due  to  the  fact  that  P=Q/(1-Q)/  in  this  way,  it  is  only  necessary 
to  arrive  at  Q,  and  one  can  indirectly  also  obtain  the  r  n  t-  ; [j  p  between 
lens  or  mirror  reflected  light  and  full  scattering.  This  type  of 
light  path  placement  formatiai  can  guarantee  that  /,  enters 

comp  •  .-!t«-fly  into  the  optical  system.  At  the  suie  time,  it  is  also  able 
to  effectively  eliminate  the  <?f foots  of  wove  movements  in  light 
sources.  It  also  makes  no  special  demands  on  optical  systems. 

II.  EXPrJRIM  KbTAt  ANALYSIS 


v.e  used  the  o  juipment  shown  in  Fig.  3  to  carry  out  measurements  on 
a  set  of  samples  with  different  diameters.  This  set  ot  steel  spheres, 
on  the  basis  of  the  ZQ23-34  standard,  war  ;■  fi-rst  run  through 
s ta ndar d i za t ion  with  the  Talysurf  5  contact  probe  test  device.  The 
actual  parameters  are  as  shown  in  Table  1. 


o)  as  ? 


X.  fctjL 


7.94 

15. Os!) 

0.007| 

O.OOSC 

1 

15.06  17.47 


Table  l 

(l)  Se-ial  do.  (2)  Diameter  (3)  Contact  Probe 


Table  2  is  the  measurment  values  obtained  through 
e x oe r i me n t a t i o n .  The  light  in  Table  2  is  used  to  indicate  the 
R  values  measured  by  optical  methods.  Fig. 5  is  the 

correlation  between  contact  probe  test  instrument  and  optical  methods. 
From  this  Fig.  ,  it  is  possible  to  see  that  the  two  typis  of  me1  "'ods 
show  a  very  good  correspondence  or  uniformity.  Besides  this,  during 
experimentation,  it  was  also  discovered  that  the  requirements  of  tnis 
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type  of  method  on  the  degree  of  precision  of  the  plieement  of  the 
center  of  the  sphere  were  not  high.  If  was  only  n-.-oessary  the  error 
iii  position  placement  not  exceed  40pm  and  that  was  able  to  satisfy 
measurement  requirements.  Tn  this  way,  general  adjustments  and  mi  nut* 
movements  of  structures  were  able  to  satisfy  requirements. 
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F  - 

Q/( l  -Q) 

1S£L 

0. 870-0. 950 

32.33.19.00 

0.007:0.009 

1  j 

0.933.0. 893 

13.93  8.33 

;  i 

o.oi  iki.ou 
i  1 

0.620 

1.63 

0.02H 

t 

0.207 

0.260 

0,051 

1 

0.143 

0.170 

0.066 

i  .  ■— 

Table  2 

(  1 )  Serial  No .  ( 2 )  bight 

III.  CONCLUSIONS 


Sxper imentation  clearly  demonstrates  that  this  method,  wnen  used 
to  measure  the  degree  of  toughness  of  high  precision  spherical 
c  ,  ,,  ; Thi<?  t-'/oQ  of  "'■'ihod  has  the  several 

OUL  L^cOo,  -'■»  *•  O  J  '■'*.<?  a.  -  •  ^  ~  I  - 

special  features  outlined  below. 

(1)  System  principles  are  clear  and  precise.  Structures  ^re 

simple.  Production  costs  are  low. 

(2)  Operation  is  simple.  It  is  possible,  on  the  presupposition 

that  light  paths  have  been  adjusted,  to  carry  out  measurements  of 
spherical  surfaces  with  different  radii  of  curvature. 

(3)  As  far  as  the  fact  that  requirements  for  the  oo^racmg 
environment  are  not  high  is  concerned,  it  is  appropriate  to  tne 
carrying  out  of  high  speed  quality  control  at  the  production  site. 
However,  the  method  in  question  is  only  capable  of  being  used  to 
measure  spherical  surfaces  that  have  been  processed  using  similar 
techniques  of  processing  or  working.  As  far  as  the  checking  and 
testing  of  different  materials  is  concerned,  the  measurement  of 
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su'-  f -toes  <>  ' oe  *ssoC  >r  wo>  ked  v  i  th  >li  E  t erent  techniques  still 
furth''1'  '■••seirch  .in.ii  investigation. 

REFERENCES 


[  1  ]  P  Bcchminn,  cl  il,,  The  Scittering  o(  Dec- 
uomignrlic  'UTitci  from  Rough  Suffice*,  Pcr- 
girooo,  C9G3) 

[21  W.  T.  Wclford,  Opt.  Quint.  EJeet_  9(1977), 
269 

[3]  E  L.  Church,  st  *1..  Appl.  Opt.,  14(1975), 

1  788 


(4)  Cheng  Lu?  Physics  Jouoiil,  27(6),  (1978),  651 


[5]  E.  Mtlini.  ct  ,!  .  Opt  Act*.  28C I ) .  0931), 

111 

[  6  ]  R  Bro3  m  in  n  ,  cl  ■  I . ,  Opt.  Eng.,  j4(3),  (1935), 

4  08 


8 


DTSTRramCN  T.TST 


DISTRiamcW  DIRECT  TO  RECIPIENT 


CRCANIZATICN 


MICROFICHE 


C509  BALLISTIC  RES  LAB  1 
C510  R&T  LABS/AVEADCCM  1 
C513  AKKADCCH  1 
C535  AVRADO^V'I^AKXM  1 
C539  LRASANA  1 
Q591  ESTC  4 
Q619  MSIC  REEGTONE  1 
Q008  NTIC  1 
E053  HQ  USAF/INET  1 
E404  AEDC/DOF  1 
E408  AFWL  1 
E410  AD/IND  1 
F429  SD/END  1 
POOS  DOE/LSA/EDI  1 
P050  CTA/OCR/ALD/SD  2 
AFTT/LCE  1 
N0IC/0IC-9  1 
OCV  1 
MIA/F«S  1 
LLyi/OOQE  Lr-309  1 

■■■■■ i 

NSA/T513/TOL  2 
ASD/FTD/TITA  1 
FSL  1 


rTD- IDfRSy/  1272-90 


